We have obtained high-resolution (R ≃ 50,000 or 90,000), high-quality (S/N 100) spectra of 22 very metal-poor stars ([Fe/H] -2.5) with the High Dispersion Spectrograph fabricated for the 8.2m Subaru Telescope. The spectra cover the wavelength range from 3500 to 5100Å; equivalent widths are measured for isolated lines of numerous elemental species, including the α elements, the iron-peak elements, and the light and heavy neutron-capture elements. Errors in the measurements and comparisons with -2 -previous studies are discussed. These data will be used to perform detailed abundance analyses in the following papers of this series. Radial velocities are also reported, and are compared with previous studies. At least one moderately r-process-enhanced metalpoor star, HD 186478, exhibits evidence of a small-amplitude radial velocity variation, confirming the binary status noted previously. During the course of this initial program, we have discovered a new moderately r-process-enhanced, very metal-poor star, CS 30306-132 ([Fe/H] = −2.4; [Eu/Fe] = +0.85), which is discussed in detail in the companion paper.
Introduction
Very metal-poor stars ([Fe/H] −2.5) 1 are believed to have been born in the early Galaxy; their chemical compositions are living records of the nucleosynthesis processes that preceded their formation. As a result of considerable efforts by many astronomers, a large list of candidate stars with [Fe/H] < −2.5 have been provided by wide-field objective-prism surveys in the past two decades (e.g., the HK survey: Beers et al. 1985 Beers et al. , 1992 Beers 1999 , and the Hamburg/ESO Survey: Christlieb & Beers 2000; Christlieb et al. 2001; Christlieb 2003) . Over the past several years, high-resolution spectroscopic studies have enabled the measurement of elemental abundances for many of the metal-poor stars found by these surveys (e.g., McWilliam et al. 1995b; Burris et al. 2000; Carretta et al. 2002; Cayrel et al. 2004) , including detailed studies of the lowest metallicity stars yet identified (e.g., Norris, Ryan, & Beers 2001; Christlieb et al. 2002) . These observational studies, which continue at present, are providing strong constraints on models of the dominant nucleosynthesis processes in the earliest epochs of star formation in our Galaxy, in particular those associated with massive stars and Type II supernovae.
Remarkable progress has been made, in particular, through studies of the neutron-capture elements in very metal-poor stars. High-resolution spectroscopic studies of very metal-poor stars have revealed, for example, that a small fraction (presently estimated to be on the order of 2%-3%, Beers, private communication) of giants with [Fe/H] < −2.5 exhibit large overabundances (e.g., [rprocess/Fe] > +1.0) of neutron-capture elements associated with the r-process (e.g., [r-process/Fe] > +1.0 ; McWilliam et al. 1995b; Sneden et al. 2000 Sneden et al. , 2003 Cayrel et al. 2001; Hill et al. 2002) . These, along with a handful of other metal-poor stars with moderately enhanced r-process elements (+0.5 ≤ [r-process/Fe] ≤ +1.0, e.g., Westin et al. 2000; Johnson & Bolte 2001; Cowan et al. 2002) , display remarkably similar abundance patterns in the range 56 ≤ Z < 76, all apparently in good agreement with the solar-system r-process component. In addition, some of the neutron-captureenhanced, metal-poor stars exhibit abundance patterns associated with s-process nucleosynthesis (e.g., Norris et al. 1997; Van Eck et al. 2001; Aoki et al. 2002; Lucatello et al. 2003) .
These efforts are having a large collective impact on studies on the origin of the neutroncapture elements in the Galaxy (e.g., Ishimaru & Wanajo 1999; Fields, Truran, & Cowan 2002; Qian & Wasserburg 2002) , and on the underlying physics and astrophysical sites of the r-and sprocesses (e.g., Gallino et al. 1998; Wanajo et al. 2002 Wanajo et al. , 2003 Schatz et al. 2002; Truran et al. 2002) . Furthermore, detailed studies of the r-process-enhanced, very metal-poor stars have provided new, potentially quite powerful, methods for obtaining hard lower limits on the age of the Galaxy and the universe, from the application of cosmo-chronometry based on the observed (present-day) abundance ratios of radioactive nuclei (Th and U), as compared with one another, and with stable elements originating in the r-process, (e.g., Eu, Sneden et al. 1996; Westin et al. 2000; Cayrel et al. 2001; Schatz et al. 2002; Wanajo et al. 2002 Wanajo et al. , 2003 Sneden et al. 2003) .
In order to develop a more clear understanding of the individual nucleosynthetic processes that were operating in the early Galaxy, further abundance studies are required, based on highquality spectra, for much larger samples of very metal-poor stars than have been examined to date. We have initiated such a set of investigations with the Subaru Telescope High Dispersion Spectrograph (HDS, Noguchi et al. 2002) . In this paper we present observations of 22 very metalpoor stars observed during the commissioning phase of this instrument. In §2 we discuss the selection of targets and details of the observations that have been carried out. Our spectra cover the wavelength range from 3500 to 5100Å with high spectral resolution (a resolving power of R = 50, 000 or R = 90, 000) and high signal-to-noise (S/N 100 per resolution element). We report the equivalent widths measured for the spectra in §3, where we also discuss the random errors of our measurements, and make comparisons with previous studies of stars in common. Radial velocity measurements for our program stars are presented in §4, along with a comparison with previous measurements for a number of stars. These data will be used in the detailed abundance analyses that will follow in additional papers of this series.
Observations

Selection of Targets
The present work is focused primarily on the observed abundance patterns of r-process elements in very metal-poor stars. Accordingly, our sample was selected to include stars that fall into one of several categories: (1) Very metal-poor stars that were previously known to exhibit extremely large enhancements of their r-process elements (CS 22892-052 and CS 31082-001: Sneden et al. 1996; Cayrel et al. 2001) ; (2) Bright metal-poor stars that were studied by previous authors (e.g., McWilliam et al. 1995b; Burris et al. 2000) , and shown to be moderately r-process-element-rich; (3) Candidate very metal-poor giants discovered in the course of the HK survey of Beers and colleagues (Beers, Preston, & Shectman 1992; Bonifacio, Monai, & Beers 2000; Allende Prieto et al. 2000) . For the majority of these stars, no elemental abundance results based on high-resolution spectroscopy has been previously obtained. Due to the selection criteria employed, it should be noted that our sample emphasizes stars that are either definite, or suspected, r-process-enhanced, metal-poor stars, which will impact the discussion of the distribution of the observed abundances of neutron-capture elements for these stars presented in Honda et al. (2003; Paper II) .
Since our primary purpose is to investigate the neutron-capture elements, we selected giants, whose metal lines are generally stronger than metal-poor dwarfs near the main-sequence turnoff due to their lower effective temperatures. Exceptions are HD 140283 and BS 17583-100, which were observed for comparison purposes. A rather large fraction of very metal-poor stars exhibit enhancements of carbon (e.g., Beers et al. 1992 , Rossi et al. 1999 ), up to 25% by some recent estimates. However, strongly carbon-enhanced stars ([C/Fe] +1.0) are excluded from our sample, because contamination arising from molecular lines (CH and CN) makes the analysis of lines of neutron-capture elements difficult, and causes particular problems with regard to features of Th and U. An exception is the star CS 22892-052, which is known to exhibit an extremely large excess of r-process elements, and a large carbon enhancement, on the order of [C/Fe] ≈ +1.1 (see Norris, Ryan, & Beers 1997 for a discussion of the impact on studies of Th in such stars).
The 22 stars selected for our program are listed in Table 1 . In this table we also list the apparent V magnitudes and B − V colors, taken from the list of Beers et al. (2003 in preparation) and the SIMBAD database. As can be seen, most of our targets fall in the range 0.7 ≤ B − V ≤ 1.2, and are likely to be giant-branch stars.
Subaru/HDS Observations
High-resolution spectra of our program stars were obtained during the commissioning phase of HDS between July 2000 and July 2001 -a detailed log is provided in Table 1 and Table 2 . The HDS detector is a mosaic system of two EEV-CCDs, each with 2048 × 4100 pixels. HDS is designed to achieve high spectral resolving power, high sensitivity, and (almost) complete wavelength in the blue region. These are essential characteristics for our program, since the weak absorption lines of neutron-capture elements fall primarily in the near UV-blue range. Details of the design of the spectrograph and its performance are provided by Noguchi et al. (2002) .
For the observations reported herein, the slit width of the spectrograph was set to 0.4 arcsec (200 µm) or 0.72 arcsec (360 µm), which corresponds to a spectral resolving power of R ≃ 90,000 or 50,000, respectively (Table 1 ). An exception is HD 186478, which was observed with a 0.36 arcsec (180 µm) slit. The high resolving power and oversampling of the spectra (roughly six pixels per resolution element for 0.72 arcsec slit width) obtained by HDS are particularly valuable for the study of lines affected by hyperfine splitting and isotope shifts, and/or from blending with other atomic and molecular lines. Our observations covered the wavelength from 3500Å (3400Å for a few objects) to 5200Å (5100Å for a few stars), with a lack of data between 4350Å and 4400Å (4230Å and 4280Å) due to the gap between the two CCDs.
Since our observations were made in the early phase of HDS commissioning, there were some limitations of various components in the pre-slit unit, especially the image rotators and the atmospheric differential dispersion corrector (ADC). The ADC was installed at the end of 2000, and has been applied from the January 2001 run forward. An image rotator was needed for target acquisition and guiding in the observing run conducted in 2000. In the July 2000 run, the blue spectra of HD 115444, HD 122563, and HD 140283 were obtained using the image rotator optimized for the red, as the blue one was unavailable at that time. In addition, the slit was fixed to the north/south direction, instead of being aligned along the parallactic angle, due to limitations in guiding. For this reason, significant light loss occurred in the short-wavelength region where the effect of atmospheric differential dispersion is quite large, degrading the spectral quality at the shortest wavelengths. We note that these three objects were re-observed in later observing runs so that sufficient quality could be achieved.
In most cases, the spectra of fainter stars in our program were obtained by combining several 1800 sec exposures. This choice was motivated by the desire to limit the degradation of the spectra due to cosmic ray events. The total exposure time for each object ranges from 900 sec (for the brightest star) to 9751 sec (for the faintest star). The signal-to-noise ratios at ∼ 4000Å are 40 <S/N< 450 per pixel (100 <S/N< 900 per resolution element), as shown in Table 1 . There was no need, in general, for the use of on-chip CCD binning, because the read-out noise was not an important source of noise in this study. The exception is CS 31082-001, for which 2×2 binning mode was used, because this object was observed during another observing program in which the binning mode was employed.
For reduction of the spectral data, we obtained bias frames, halogen lamp frames for flatfielding, and Th-Ar spectra for wavelength calibration. Though dark frames were obtained in each run to check the dark current of the CCD, it turned out to be very small, hence no dark correction was made during data reduction.
The echelle data were processed using the IRAF 2 software package in a standard manner. Here we summarize the flow of the data reduction. We first corrected the fluctuation of the bias level by subtracting the average of the counts in the over-scan region from each frame. The median of the bias frame was then subtracted from all frames. We then divided the object frames by the average of the flatfield frames. The scattered light level was estimated by obtaining surface fits of the inter-order regions, and then was subtracted from each object frame. One-dimensional spectra were extracted after removing cosmic ray events. Since the wavelength ranges covered by the CCD are much wider than the free spectral range in the near UV-Blue region, we trimmed the spectral orders when the count level fell below a useful level. In practice, this meant that roughly 1000 pixels were trimmed from the blue portions of each order, and 500 pixels were trimmed from the red portions of each order, respectively.
The S/N ratios of the spectra were evaluated from the peak count in echelle order 149 (∼4000 A). The S/N ratios per pixel (0.012Å) and per resolution element are given in Table 1 . It should be noted that the sampling rate of HDS is quite high in the R ≃ 50, 000 spectra (six pixels per resolution element), hence the S/N ratios per pixel may seem rather low in some cases.
Sample spectra for nine of our program stars in the regions near 4000Å (which includes the Th II 4019Å line) and 4100Å (which includes the Eu II 4129Å line) are shown in Figures 1 and  2 , respectively. HD 140283 and HD 122563 are familiar, well-studied metal-poor stars. BS 16920-017 is the star with the lowest metallicity in our study, with [Fe/H] = −3.1. CS 22952-015 has been studied by previous authors (McWilliam et al. 1995b; Ryan et al. 1996) . In the spectrum of CS 22183-031, the Eu II 4129Å feature is detected, but it is quite weak. Given the paucity of information on the Eu abundances of stars with [Fe/H] ∼ −3.0, this object should be re-observed at higher S/N in order to obtain a better measurement. The other four objects in these figures show enhancements of the r-process elements. CS 22892-052 and CS 31082-001 are well-known, extremely r-process-enhanced, very metal-poor giants (Sneden et al. 1996; Cayrel et al. 2001) . These two objects clearly show the Th II 4019Å line, as well as very strong Eu II 4129 A features. HD 115444 is the object shown by Westin et al. (2000) to exhibit a moderate excess of r-process elements. CS 30306-132 turned out to exhibit excesses of the neutron-capture elements, as discovered during the present work. The Th II 4019Å line was clearly detected in this object (see Paper II for details).
Equivalent Width Measurements
We identified Fe absorption lines between 3700Å and 5100Å, which will be used to determine the atmospheric parameters for the abundance analysis using model atmospheres. Identification of these lines was mostly made on the basis of the line list provided by Westin et al. (2000) . Equivalent widths were measured for clear, unblended lines of Fe I and Fe II by fitting gaussian profiles to the observations using the spectral analysis software SPTOOL, developed by Y. Takeda (private communication). We excluded lines from our analysis that may be significantly blended with other absorption lines. The blending with other atomic lines was checked by using the atomic line list by Kurucz & Bell (1995) .
Gaussian fitting may not well reproduce the wings of strong lines. However, for weak lines, the difference in derived equivalent widths from evaluations based on gaussian fitting and those based on direct integration over the observed line profile is very small. Since our analysis relies exclusively on weak lines, we measured all equivalent widths by the gaussian fitting procedure.
In addition to Fe lines, we also identified absorption lines of other elements, using the line lists provided by Westin et al. (2000) and Sneden et al. (1996) . For Ba lines, we adopt the list of McWilliam et al. (1998) . For La, Eu, and Tb lines, we take from the list of Lawler et al. (2001a,b,c) . We use the newest data also for Nd and Yb which are derived by Den Hartog et al. (2003) and C. Sneden (private communication) . Equivalent widths of these lines were also measured in the same manner as applied to the Fe lines. The measured equivalent widths are given in Table 3 . The line data (lower excitation potentials, L.E.P., and the gf -values) are also listed in Table 3 .
Estimates of Internal Errors
We estimate the random (internal) errors of our derived line strengths by determining the differences in measured equivalent widths from two measurements of each spectrum obtained with different individual exposures.
We selected three objects, HD 122563, HD 186478, and BS 16082-129, as representive of stars observed with high, moderate, and rather low S/N ratios, respectively. The number of photons collected by each exposure is about 70000, 12000, and 1000 at 4000Å for HD 122563, HD 186478, and BS 16082-129, respectively. Comparisons between the two measurements of weak Fe lines for these three objects are shown in Figure 3 . No systematic differences between the individual measurements are evident. The standard deviations in the differences of the two measurements for HD 122563, HD 186478, and BS 16082-129 are 0.39, 1.26, and 4.98 mÅ, respectively.
The uncertainly in the measured equivalent widths may also be roughly estimated, based on the S/N ratio of the spectrum, as (line width) × (S/N) −1 . The typical line widths for giant stars in our sample is 7.5 km s −1 (100 mÅ at 4000Å). The uncertainty expected from the S/N ratio of each spectrum, which is taken to be the square-root of the number of detected photons, is 0.38, 0.90, and 3.2 mÅ for HD 122563, HD 186478, and BS 16082-129, respectively. The random errors measured above show a reasonable agreement with these values, though the measured ones are slightly higher than those predicted from the S/N ratios. This small discrepancy may arise because the Fe lines used in our analysis are randomly distributed across individual orders, which have a blaze function variation in their S/N levels, while the number of photons was measured at the center of the echelle blaze profile.
Comparisons with Previous Studies
Several stars in our sample have also been investigated by previous authors conducting highresolution abundance studies. In Figures 4-8, the equivalent widths estimated from the present data are compared with those reported by others. Westin et al. (2000) analyzed high-resolution (R ∼ 60, 000) and high S/N (∼ 200 at 4000 A) spectra of the two bright objects HD 122563 and HD 115444, obtained with the "2d-coud" cross-dispersed echelle spectrograph at the McDonald Observatory 2.7m telescope; their results are compared with ours in Figure 4 . An excellent agreement is found, with a very small scatter (∼ 2%) in the range of equivalent width less than 150 mÅ. There is a small (∼ 10%) difference in the range of equivalent widths larger than 150 mÅ for HD 122563. The reason for this difference is not clear, but this difference does not have a significant influence on the abundance analysis because we are primarily concerned with weak lines. Norris et al. (1996) obtained high-resolution spectra for two of the very metal-poor stars included in our sample, using the coude spectrograph (UCLES) at the Anglo-Australian Telescope. They studied spectra with R ∼ 40,000 of CS 22952-015 (S/N ∼ 50) and HD 140283 (S/N ∼ 200). In Figure 5 , the equivalent widths measured for our spectra are compared with theirs for these two objects. The agreement is very good for HD 140283; there is no systematic difference, and the dispersion is quite small (∼ 2%). On the other hand, the scatter in the comparison for CS 22952-015 is larger, and our equivalent widths are systematically smaller than those of Norris et al. (1996) (∼ 10%) for lines with large equivalent widths (> 100 mÅ). The large scatter is presumably due to the lower S/N ratios in the CS 22952-015 spectra than those of HD 140283 in both studies. Most of the lines with equivalent widths stronger than 100 mÅ come from the portions of the spectra at wavelengths blueward of 4000Å. We suspect that the discrepancy found for these strong lines is due to errors in the measurements by Norris et al. (1996) , which were based on spectra of rather low S/N in this wavelength region.
In Figure 6 , equivalent widths for HD 4306, HD 6268, HD 126587, HD 186478, CS 22952-015, and CS 22892-052, reported by McWilliam et al. (1995a) , are compared with ours. Their spectra were obtained with the 2D-Frutti photon-counting imager at the Las Campanas 2.5m telescope. The typical S/N of the observations obtained by McWilliam et al. (1995a) is S/N ∼ 40 with R ∼ 22,000 at 4800Å. Their wavelength coverage extends from 3600Å to 7600Å. In spite of the large dispersion in the equivalent widths between these two set of measurements, which is surely due to the low S/N ratios in the spectra of McWilliam et al. (1995a) , the equivalent widths of McWilliam et al. (1995a) exhibit no systematic difference with respect to ours. One exception is the comparison with four strong lines in CS 22892-052. We suspect that this deviation is due to errors in the data of McWilliam et al. (1995a) , because these lines exist in the shortest wavelength regions, where the quality of the McWilliam et al. data is quite low.
In Figure 7 , equivalent widths for BS 16085-050, reported by Giridhar et al. (2001) , are compared with ours. Their spectra were obtained with the Apache Point Observatory's 3.5m telescope and vacuum-sealed echelle spectrograph. Though the comparison shows a rather large dispersion, which is likely due to the low S/N of the spectrum reported by Giridhar et al. (2001) , there is no systematic difference between the two measurements. Although they also reported the equivalent widths of CS 22169-035, there are only four iron lines which were observed by both studies. Therefore we do not show the comparison for this object.
Recently, Sneden et al. (2003) reported the results of a new detailed analysis of CS 22892-052. Their optical spectrum was obtained with Keck I/HIRES, McDonald 2.7m/2d-coude, and VLT/UVES. In Figure 8 , we compare our measured equivalent widths for CS 22892-052 with theirs. There exists no systematic difference between the two measurements, and the agreement is better than that found in the comparison with McWilliam et al. (1995a) for the same star.
Measurements of Radial Velocities
Information on radial velocities and (where proper motions are available) on the space motion of stars of the halo is required to understand the structure and formation of the Galaxy. Precise radial velocity measurements are of particular importance for the moderately and highly r-processenhanced, metal-poor stars, in order to check on their possible binarity, as this may impact the likely astrophysical site(s) of the r-process. For example, Qian & Wasserburg (2001) have suggested that the r-process-enhanced, metal-poor stars were produced by contamination from companions that underwent Type II SN explosions.
Measurements of radial velocities were made for selected clean iron lines used in the equivalent width measurements. The wavelengths of the lines were measured, then compared with the rest (laboratory) values. For the objects observed at two different epochs, measurements were obtained for each spectrum. The measured heliocentric radial velocities, and their estimated standard deviations, are listed in Table 2 .
Measurements of radial velocities have been previously obtained by a number of authors for several stars in our sample. However, most of them were based on low-or medium-resolution spectroscopy (e.g., Bond 1980; Norris, Bessell, & Pickles 1985) . We choose to compare our measurements with only the results of high-dispersion spectroscopy from recent studies. The comparisons are given in Table 3 . No significant variation in radial velocity is found for most objects. HD 4306 and HD 186478 show changes of radial velocity of about 6 km s −1 and 2 km s −1 , respectively, suggesting that both stars may be members of binary systems. Indeed, Carney et al.(2003) have obtained an orbital solution for HD 186478, showing it to be a long-period binary (P ≈ 550 days) with a low amplitude, on the order of 3 km s −1 . No definitive conclusion can yet be achieved for HD 4306, hence further radial velocity monitoring is required to confirm its possible binarity. We note that HD 186478 is a moderately r-process-enhanced star, with [Eu/Fe] ≈ +0.5 (Johnson & Bolte 2001) . Preston & Sneden (2001) investigated the variations of radial velocity for the extremely r-process-enhanced star CS 22892-052 in detail. However, there is still no clear evidence of binarity, as the suspected amplitude of the variation is quite small. We did not find evidence of binarity for any of our other r-process-enhanced stars.
Summary
We have obtained high-resolution, high-S/N ratio, spectra for 22 very metal-poor stars with Subaru/HDS, taken during the commissioning phase of this instrument. These stars were selected so as to include as many objects with known (or suspected) enhancement of r-process elements as possible. In this paper we have reported the measurements of equivalent widths for isolated absorption lines in the reduced spectra, and also precision radial velocities (in some cases, at several epochs), for each star. Comparisons of our measured equivalent widths with previous work demonstrates that there exists no systematic differences, except in the cases of stronger lines in a few objects for which the S/N ratios of the previous work was rather low. In the following papers of this series (Paper II, others in preparation), the results of the detailed abundance analysis for these data will be presented.
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